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PED TGE

BCoV A BRVA

BCoV BToV

B BRVB C BRVC 3

31 50 65  

PED PED PEDV

61 TGE

2013 4 5 PED

13 83 2013 10 7

2015 7 1,049 49

http://www.maff.go.jp PEDV

1 (+)RNA 28,000

69 7 ORF ORF1a ORF1b

(S) ORF3 (E) (M) (N)

8 45 PEDV Group I Group II

9 S N INDEL

85 PEDV

2 INDEL 2
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83 INDEL

71 PEDV S N

56 PEDV TGE

TGEV

22 30 TGEV

PRCV S N

227 aa

66 89 S PEDV

PRCV PEDV S

S

 

RVA

15 16 17 58

33

40% RVA PRVA 35 RVA

6 VP1 4 VP6 VP7 6

NSP1 6 11 17 RVA

VP7 VP4 G

P G 27 P 35

46 RVA 2

86 BRVA

G6 G10 P[5] P[11]

19 32 BRVA

20 57 67
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RT -PCR

5 BRVA

BRVB BRVC BToV BCoV RT-PCR

Fukuda 21

 

S PED

PED

S 4 RVA

RVA G15P[14]

RVA

S

PEDV PDCoV 7

34 84 87 TGEV PRVA

RT-PCR qPCR
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PED PEDV

60

100% PEDV

1 (+)RNA

(61) PEDV 28,000 7 ORF

ORF1a ORF1b S ORF3 E M N (8 45

69) S 8

2014 2 PED 1

PED

INDEL

S 5’ 167,176

416 1,11 3 474 475 6

83 85

PEDV S INDEL
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1  

2014 3 A PED

7 180

PEDV

71 10 500 B

 3 7 3

B PED A

A

10

7 120

3.3% B

1 PED

A B PED

1-1, 1-2  

 

2  

2014 10 27 B 2 5 8

MEM EMEM ( ) 10% 3,000 rpm

10 0.45 m
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2014 3 PED A PEDV

 

 

3 RVA  

RVAV ( )

 

 

4  

B 8

DHL

Rappaport-Vassiliadis DHL

 

 

5  

B 8 6

 PEDV

TGEV  

 

6 RNA  

QIAamp Viral RNA Mini Kit ( ), RNA

 

 

7  

24 70 80%
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Vero-KY5 10 g/ml BD EMEM

T-EMEM 3 20 g/ml

200 l 37 60

 T-EMEM 1 T-EMEM 1 ml

CPE CPE

3 2  

 

8 PEDV TGEV RT-PCR  

PEDV TGEV PEDV TGEV S

RT-PCR 38 One-Step RT-PCR Kit ( ( )

 

PEDV S S

 A B

ORF1b 5’ S 3’ 

1,500 bp RT-PCR 45  

B PEDV S  S

ABI PRISM 3130 Life Technologies

Carlsbad U.S.A  

B PEDV

PEDV74 8 PEDV

5 kb PCR PrimeScript High Fidelity RT-PCR 

Kit ( ) PCR

 Ion Torrent PGM , Life Technologies, 

Carlsbad, U.S.A   



9 
 

9  

Torrent Suite 4.2, Life 

Technologies Tottori2 S

MEGA6 74 GDR

1000  

 

10  

2014 10 28 B 5 5

5 3

2014 4 7 9 5 7 10 7

14 10 9 16 10 11 4 10

56 30 PEDV

96

Vero-KY5 PEDV NK94P6Tr(-) 78  
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RVA  

B 8  

7 1

1

RVA

 

6

PEDV 6

TGEV

 

 

 

B 8 Vero-KY5 1 2

CPE 1-1 CPE

PEDV RT-PCR B

PEDV Tottori2  

 

 RT-PCR PEDV TGEV  

B PEDV S RT-PCR

TGEV S RT-PCR  
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 PEDV S  

S1-20320-F S1-21816-R RT-PCR B

8 Tottori2 860 bp PCR

A PEDV Tottori1

NK94P6Tr(-) PCR B Tottori2 600 bp

1,500 bp 1-2  

 

 

S Tottori2 S1

582 194aa BLAST

Tottori2 2013 PEDV 

TC-PC177 56 97.89%

Tottori2 S TC-PC177

Tottori2 11aa 14aa N

1-3  

Tottori2 27,342

Tottori-2

99.64% 99.87%

Iowa103 INDEL 98.90 99.45%

Tottori1 99.75% S

Tottori2 INDEL

1-4  

 

PED  
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5 2 PEDV 16 256

5 4 32 64

5 4 2 64

2014 4 7 9 16 39 PEDV

11 4 10

32 128  
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2014 3 A 10 B PED

B Tottori2 S 582 194aa

S 23 217

PEDV

TC-PC177 56

Tottori2 PEDV

Tottori2

 

A 7 180

B

A A

B PEDV

INDEL S 5’

83 85  

PEDV TGEV PRCV S

227aa 89 TGEV

66

S

PEDV S
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S

B

PED PEDV

PEDV

 

B PEDV 9 39

11 10 32 128

PED B

PEDV B PEDV 9

10 A PED 2014

3 12

3 A B

A S

PEDV Tottori2

Tottori1 A B PEDV

Tottori2

B

 

B Tottori2 S

PEDV

PEDV

Tottori2
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PED

A 100 B
B 565 680 0

4700

A 2014/3/12 177 79 98
B 2014/10/27 127 1* 0
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1-1 Vero-KY5 Tottori2 CPE 

a Tottori-2 Vero-KY5 24 b Vero-KY5  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a  b  
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1-2  S1-20320-F S1-21816-R Tottori1

Tottiri2 PEDV S  

 

1 Tottori2  

2 Tottori2  

3 Tottori1  

4 PEDV NK94P6Tr(-)  

M 100 bp DNA Ladder 
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1-3 Tottori2 3 PEDV S aa1-420  

 

Colorad/USA/2013  

PC177/USA/2013 TC-PC177 S 197aa  

* 3  

-  

 

 

 

 

 



20 
 

 

1-4 Tottori2 GenBank PEDV S

A B Tottori2

TGEV PRCV
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RVA 15 58 RVA

20

6 VP1 4 VP6 VP7

5 NSP1 6 11 RNA

17 RVA 2 VP7 VP4

G P

RVA

2008 Rotavirus Classification Working Group (RCWG) 11

VP7- VP4- VP6- 

VP1- VP2- VP3- NSP1- NSP2- NSP3- NSP4- NSP5 GX- P[X]- IX- 

RX- CX- MX- AX- NX- TX- EX- HX X

46 RVA

76

86  

68

43  

RVA 17
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RVA

29 51 RVA 4

15 17 33

RVA

20 57 67  

2013 2

RVA RVA

RVA
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1  

2013 2 42 2

3

1

1

2

2

82 BVDV

 

5

’ 5 RVA

5 37 

DHL 37 24

K99 Test strips for the detection of E. Coli F5 (K99) 

BIO K 154 Bio-X Diagnostick, 

 

 

2 RT-PCR  

RVA BCoV BToV BRVB BRVC BVDV 10%

GIT GIT ( ), 
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0.45 m QIAamp Viral RNA Mini Kit

( ), RNA QIAGEN OneStep RT-PCR Kit 

( ) RT-PCR 21 28 79 82  

 

3 cDNA  

PBS 10% ISGEN LS ( ), 

RNA DNase I ( ), 

RNA Qubit® 2.0 Fluorometer (Invitrogen, Carlsbad, USA) 1

10 100 ng RNA cDNA

NEBNext® Ultra RNA Library Prep Kit for Illumina Version 1.0 New 

England Biolabs, Ipswich, USA cDNA Bioanalyzer®

Agilent technologies, Santa Clara, USA Qubit® 2.0 Fluorometer

MiSeq bench-top sequencer Illumina, San Diego, USA

151  

 

4  

Miseq reporter program Illumina fastaQ

CLC Genomics Workbench CLC bio, Aarhus, Denmark

CLC Genomics Workbench de novo 

assembly 300 NCBI BLAST

RVA BLAST

RVA CLC Genomics Workbench

ClustalW

MEGA5.22 73
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1000 CLC 

Genomics Workbench  

 

5  

RVA 3

10% GIT 10

Sigma-Aldrich( ), 10 g/ml 37 30

MA104

HRT-18 GIT 2 37 

5% CO2 CPE CPE

7 3 CPE MA104

’ RVA

 

 

6  

3 BCoV 7 BAdV7 BVDV1

2 BCoV

Mebus BAdV7 BVDV1 Nose BVDV2 KZ91-CP

BVDV1 2 MDBK-SY BCoV

HRT-18 BAdV7  
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1  

5

 

 

2  

RT-PCR 5 RVA BCoV BToV RVB

RVC BVDV  

 

3  

MiSeq 5 RVA 11 RNA

VP7- VP4- VP6- VP1- VP2- VP3- NSP1- NSP2- NSP4- NSP5

RotaC 42 G15- P[14]- I2- R2- C2- M3- A3- 

N2- T6- E2- H3 RVA/Cow-wt/JPN/Tottori-SG/2013/G15P[14]

Tottori-SG 11 DNA Data Bank of 

Japan AB853890~AB853900 VP7

Tottori-SG

RVA/Cow-wt/ARGB383/1998/G15P[11] 23 47

G15P[11] G15P[21] 3 25 62

2-1 A G15 Tottori-SG VP7

87.9~89.9% 91.7~92.9% VP4
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Tottori-SG RVA/Cow-tc/JPN/Sun9/2000G8P[14] 18

RVA/Human-tc/THA/Mc35/XXXX/G10P[14] 43

2-1 B Tottori-SG Sun9 VP4

95.8% 97.2% Mc35

89.7% 95.6% VP6

RVA/Cow-wt/JPN/AzuK-1/2006/G21P[29] AzuK-1

2 RVA/Cow-wt/JPN/Dai-10/2008/G24P[33] Dai-10 1

RVA/Simian-tc/ZAF/SA11-N5/1958/G3P[2]

SA11-N5 53 2-1 C Tottori-SG VP6

AzuK-1 Dai-10 SA11-N5

96.0% 96.6% 95.2%

RVA/Cow-wt/IND/RUBV51/2005G15P[21] RUBV51 92.8%

VP1 VP2 VP3 NSP2 NSP3 NSP4 NSP5

2-1 D F H K

NSP1 G8P[1] 49 G6P[14] 47

2-1 G Tottori-SG 11

2-1 VP7

2-2  

RVA  

 

4  

MA104 3 2 3

CPE 2-2 CPE
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5  

5 BCoV BAdV7 BVDV1

2  

 

 

 

 

 

 

 

 



30 
 

 

 

G6 G10 RVA 32

G15 GeneBank 5

G15

G15P[21] 3 25 62

G15P[11] 2 25 47 Tottori-SG 6

G15 G15P[14]

Tottori-SG VP7 G15

Tottori-SG G15

RVA P[14] 11 5 14 24

47 48 80 26 12 59 10 18

RVA P[14]

47 RVA P[14]

Sun9 1 18

Tottori-SG VP4 Sun9

Sun9 G[14] Tottori-SG

Sun9

 

VP7 VP4 Tottori-SG

RVA

Tottori-SG NSP1

PTRV G8P[1] PA169 G6P[14]

49
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Tottori-SG VP6 RUBV51 G15P[21]

Dai-10

G24P[33] AzuK-1 G21P[29]

Tottori-SG BRVA

 

BCoV BToV 65) BRVB BRVC

3 31

50 BRVA

RVA RVA

Tottori-SG

BRVA 3 20

57 67 3 2 G8P[1] BRV16 G21P[29]

Tak2 20 67

RVA 1 RVA

3

1

2 170,000

G15P[14] RVA
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2-1 Tottori-SG  

A VP7 B VP4 C VP6 D VP1  

E VP2 F VP3 G NSP1 H NSP2  

I NSP3 J NSP4 K NSP5  

 

RVA Tottori-SG  
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2-1  
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2-2 MA104 Tottori-SG CPE 

a Tottori-SG MA104 48 b MA104  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b  
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RT-PCR  
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PED TGE

PED

PED PRVA

2010 PDCoV 2014 2

84 PDCoV

41 PDCoV

PEDV TGEV PRVA

7 34  

gel-based PCR

PEDV

BRVA

PRVA

46

 

BRVA BRVB BRVC

BCoV BToV gel-basedPCR

21 PEDV TGEV
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PDCoV PRVA qPCR
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1  

qPCR PEDV PDCoV

PEDV S

37 44

TGEV PRVA

N VP6 39 72 81

GeneBank TGEV PRVA 33

1 51 PrimerQuest software

Integrated DNA Technologies, Inc, Iowa, USA IDT

NCBI BLAST

3-1 5’

FAM 6-Carboxyfluorecein 3’ TAMRA 

6-Carboxytetramethylrhodamine  

 

2 qPCR  

One-Step qPCR One Step PrimeScript™ RT-PCR Kit 

(Perfect Real Time) ( ) 10 l 2 × One Step 

RT-PCR Buffer III 2.8 l RNAase-free H2O 0.4 l TaKaRa Ex Taq HS (5 U/μl

0.4 l PrimeScript RT enzyme Mix II 4 M

1 l RNA 5 l 20 l qPCR ABI7300 Life 

Technologies Inc, Carlsbad, U.S.A
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42  5 95  10

95  5 60  34 40

ABI7300 Software v1.4 (Life Technologies Inc, Carlsbad, 

U.S.A)  

 

3 qPCR  

DNA

DNA qPCR IDT

DNA 2.0×10-1 2.0×105 / l 10

qPCR 1 5 l 1

1×100 1×106 1 2 2

LOD

 

qPCR DNA

PCR E R2 E E 

= 10-1/ -1 Cq

CV  

 

4 qPCR gel-based PCR  

qPCR gel-based PCR

PEDV PRVA Vero MA104

TGEV PDCoV
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 QIAamp viral RNA mini kit

( ) RNA 10

qPCR gel-based PCR PEDV

TGEV PRVA 28 38 PDCoV

panncoronavirus 54 gel-based 

PCR QIAGEN OneStep RT-PCR  Kit ( )

 

 

5  

PEDV TGEV PRVA PDCoV

gel-based PCR 28 38 54 qPCR 44

RVA

8 23

PED 4 15 1 1 PDCoV

TGE 1 4 PDCoV 1 1

1 1 RVA

2 2 gel-based PCR RVA PDCoV

PCR

NCBI BLAST PDCoV

PDCoV

PED TGE

PDCoV RVA 3 22
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PRVB 1 1 1 4 1 17

PRVB gel-based PCR 40

4  

EMEM 10 3,000 rpm 10

0.45 m -80

 

 

6 RNA qPCR  

-80 QIAamp Viral RNA Mini 

Kit ( ( ) RNA RNA qPCR

 

 



46 
 

 

 

1 qPCR  

PEDV TGEV PDCoV PRVA

4

RNA 75  

 

2 LOD 

DNA PEDV TGEV PDCoV PRVA

qPCR 100 10 10 10 

/ 3-2  

 

3  

10 DNA

R2 E

3-1 3-2

R2 E PEDV  y=-3.3668x 40.622 R2=0.9984 E=0.9816 TGEV

y=-3.3577x 37.497 R2=0.9997 E=0.98528 PDCoV  y=-3.7063x+37.944

R2=0.9953 E=0.86127 PRVA y=-3.5924x 40.825 R2=0.9993 E=0.8983

R2 0.995

PEDV: 98.16%, TGEV: 98.52%, PDCoV: 86.12%, PRVA: 89.83%

 

 

4  
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3-2

qPCR 10 2

CV PEDV 0.01% 1.94%

TGEV 0.13% 4.98% PDCoV 0.05% 5.00% PRVA 0.01% 3.64%

2

CV PEDV 1.91% 4.41% TGEV 0.03% 7.15% PDCoV 0.47%

2.95% PRVA 0.12% 3.20%  

 

5 qPCR gel-based PCR  

qPCR gel-based PCR RNA

PEDV 105 105 TGEV 104 102 PDCoV 104 101 PRVA

104 102 3-2  

 

6  

3-4 qPCR qPCR

23 22

No.2 qPCR No.2

gel-based PCR 3

No.19 PEDV TGEV qPCR

qPCR

qPCR  
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PEDV TGEV

gel-besed PCR qPCR

6 37 38 90 PEDV TGEV

PDCoV PRVA 4 qPCR

qPCR gel-based PCR

27 36 4

qPCR

PEDV PDCoV 37 44

TGEV PRVA N

VP6

qPCR PEDV TGEV PDCoV PRVA

100 10 10 10 / qPCR

36 37 88 qPCR gel-based 

PCR 36 70 75 77

RNA 10 qPCR

gel-based PCR qPCR

PEDV TGEV PDCoV PRVA

100 1000  
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qPCR

PEDV gel-based PCR No.2

qPCR PEDV gel-based PCR qPCR

No.2 PEDV

qPCR No.1 4

PEDV

No.2

No.2 No.5 12 S

PEDV S

qPCR N 7 qPCR

1

7 qPCR  

No.19 PEDV PDCoV qPCR No.19

PEDV PDCoV

 

4

qPCR

gel-based PCR
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qPCR

qPCR
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3-2 a qPCR  

 

 

3-2 b qPCR  

Cq CV  

 

 

 

 

 

 

 

/ Average
Cq CV(%) Average

Cq CV(%) Average
Cq CV(%) Average

Cq CV(%) Average
Cq CV(%) Average

Cq CV(%) Average
Cq CV(%) Average

Cq CV(%)

106 20.40 1.08 18.68 1.94 17.39 0.88 15.07 4.98 15.52 1.01 16.47 1.28 19.14 0.89 20.40 1.08
105 23.98 0.01 22.18 1.17 20.60 0.73 20.77 0.13 19.73 0.53 20.42 0.60 23.04 0.19 23.98 0.01
104 27.06 1.03 25.68 1.04 24.16 0.95 23.21 0.60 23.29 3.29 23.79 0.07 26.47 0.55 27.06 1.03
103 30.23 0.36 29.09 0.21 27.47 0.40 26.48 3.44 26.80 1.90 27.06 0.54 30.15 0.09 30.23 0.36
102 34.11 0.33 32.73 0.18 30.63 0.22 30.47 0.71 29.71 5.00 30.40 0.05 33.35 0.60 34.11 0.33
101 38.48 1.40 - 34.22 0.57 34.24 2.26 34.78 0.64 35.18 2.33 37.36 3.64 38.48 1.40
100 - - - - -

Run1 Run2

PEDV TGEV PDCoV PRVA

Run1 Run2 Run1 Run2 Run1 Run2

/ Average
Cq CV(%) Average

Cq CV(%) Average
Cq CV(%) Average

Cq CV(%)

106 19.54 4.41 16.23 7.15 16.00 2.95 19.77 3.20
105 23.08 3.91 20.68 0.39 20.07 1.72 23.51 2.00
104 26.37 2.61 23.68 2.01 23.54 1.08 26.76 1.10
103 29.66 1.91 26.98 1.83 26.93 0.47 30.19 0.12
102 33.42 2.07 30.55 0.26 30.06 1.16 33.73 1.13
101 34.23 0.03 34.98 0.58 37.92 1.48
100

PEDV TGEV PDCoV PRVA
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3-3 qPCR  

R2 PCR E  

PEDV TGEV PDCoV PRVA
R2 0.9984 0.9997 0.9953 0.9993

E % 98.16 98.52 86.12 89.83  
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3-4 qPCR * 

No. No. PEDV TGEV PDCoV PRVA

PED 1 ,
PED 2 ,
PED 3 ,
PED 4 ,
PED 5 , ,
PED 6 , ,
PED 7 , ,
PED 8 , ,
PED 9 , ,
PED 10 , ,
PED 11 , ,
PED 12 , ,
PED 13 ,
PED 14 ,
TGE 15 , ,
TGE 16 , ,
TGE 17 , ,
TGE 18 , ,

PEDV PDCoV 19 ,
PDCoV 20 6

6 21 4
7 22
8 23 2
9 PRVB 24

25 ,
26 ,
27 ,
28 ,
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

PEDV

1

2

3

TGEV 4

PDCoV 5

PRVA

10

11

 

* qPCR  

a PRVA  

b PRVA  
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3-1  

 

A PEDV B TGEV C PDCoV D PRVA 

 (Cq) DNA
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3-2 qPCR gel-based PCR  

 

 

qPCR Cq)  

qPCR gel-based PCR  

PEDV 105 105  

TGEV 104 102  

PDCoV 104 10  

PRVA 104 102  

NC  
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BRVA

BCoV PEDV TGEV

PDCoV

gel-based PCR

gel-based PCR

5

gel-based PCR

PEDV BRVA

 

 

2014 2 PED 3 1

PED

10 2 PED 1

1

2 PEDV S N

194aa

1 2 PED
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PEDV

PED  

 

PEDV TGEV PRCV S

N 227aa TGEV

2 PED

TGEV PRCV S N

PEDV

 

 

2013 BRVA

BRVA 4

BCoV BRVB BRVC BToV BVDV

BRVA

 

 

BRVA 3 2

BRVA

G15P[14] RVA BRVA

BRVA

 

 

PEDV
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BRVA

 

 

5 BCoV BRVA BRVB BRVC BToV

gel-based PCR

4 PEDV TGEV PDCoV PRVA

qPCR qPCR gel-based PCR

PEDV TGEV PDCoV

PRVA 100 1000 qPCR RNA

4 75

 

 

qPCR

23 22

PEDV gel-based PCR

1 qPCR

PEDV

22 qPCR qPCR

 

 

PEDV RVA



60 
 

PEDV TGEV PDCoV PRVA qPCR

 

 

 



61 
 

 

 

 

 

 

 

 

22

 

 



62 
 

 

 

1. Abe, M., Ito, N., Masatani, T., Nakagawa, K., Yamaoka, S., Kanamaru, Y., 

Suzuki, H., Shibano, K., Arashi, Y. and Sugiyama, M. (2011). Whole genome 

characterization of new bovine rotavirus G21P[29] and G24P[33] strains 

provides evidence for interspecies transmission. J. Gen. Virol. 92, 952-960. 

2. Abe, M., Ito, N., Morikawa, S., Takasu, M., Murase, T., Kawashima, T., Kawai, 

Y., Kohara, J. and Sugiyama, M. (2009). Molecular epidemiology of rotaviruses 

among healthy calves in Japan: isolation of a novel bovine rotavirus bearing 

new P and G genotypes. Virus Res. 144, 250-257. 

3. Aita, T., Kuwabara, M., Murayama, K., Sasagawa, Y., Yabe, S., Higuchi, R., 

Tamura, T., Miyazaki, A. and Tsunemitsu, H. (2012). Characterization of 

epidemic diarrhea outbreaks associated with bovine torovirus in adult cows. 

Arch. Virol. 157, 423-431. 

4. Anderson, E. J. and Weber, S. G. (2004). Rotavirus infection in adults. Lancet. 

Infect. Dis. 4, 91-99. 

5. Arista, S., Vizzi, E., Alaimo, C., Palermo, D. and Cascio, A. (1999). 

Identification of human rotavirus strains with the P[14] genotype by PCR. J. 

Clin. Microbiol. 37, 2706-2708. 

6. Ben Salem, A. N., Chupin Sergei, A., Bjadovskaya Olga, P., Andreeva Olga, G., 

Mahjoub, A. and Prokhvatilova Larissa, B. (2010). Multiplex nested RT-PCR 

for the detection of porcine enteric viruses. J. Virol. Methods. 165, 283-293. 

7. Chen, Q., Gauger, P., Stafne, M., Thomas, J., Arruda, P., Burrough, E., Madson, 

D., Brodie, J., Magstadt, D., Derscheid, R., Welch, M. and Zhang, J. (2015). 



63 
 

Pathogenicity and pathogenesis of a United States porcine deltacoronavirus 

cell culture isolate in 5-day-old neonatal piglets. Virology. 482, 51-59. 

8. Chen, J., Liu, X., Shi, D., Shi, H., Zhang, X., Li, C., Chi, Y. and Feng, L. (2013) 

Detection and molecular diversity of spike gene of porcine epidemic diarrhea 

virus in China. Viruses. 5, 2601–2613 

9. Chen, Q., Li, G., Stasko, J., Thomas, J. T., Stensland, W. R., Pillatzki, A. E., 

Gauger, P. C., Schwartz, K. J., Madson, D., Yoon, K. J., Stevenson, G. W., 

Burrough, E. R., Harmon, K. M., Main, R. G. and Zhang, J. (2014). Isolation 

and characterization of porcine epidemic diarrhea viruses associated with the 

2013 disease outbreak among swine in the United States. J. Clin. Microbiol. 

52, 234-243. 

10. Chitambar, S. D., Arora, R., Kolpe, A. B., Yadav, M. M. and Raut, C. G. (2011). 

Molecular characterization of unusual bovine group A rotavirus G8P[14] 

strains identified in western India: emergence of P[14] genotype. Vet. 

Microbiol. 148, 384-388. 

11. Ciarlet, M., Estes, M. K. and Conner, M. E. (1997). Comparative amino acid 

sequence analysis of the outer capsid protein VP4 from four lapine rotavirus 

strains reveals identity with genotype P[14] human rotaviruses. Arch. Virol. 

142, 1059-1069. 

12. Ciarlet, M., Hoffmann, C., Lorusso, E., Baselga, R., Cafiero, M. A., Bányai, K., 

Matthijnssens, J., Parreño, V., de Grazia, S., Buonavoglia, C. and Martella, V. 

(2008). Genomic characterization of a novel group A lamb rotavirus isolated in 

Zaragoza, Spain. Virus Genes. 37, 250-265. 

13. Cima. J. (2013). Viral disease affects U.S. pigs: porcine epidemic diarrhea 



64 
 

found in at least 11 states. J Am Vet Med Assoc. 243, 30-31. 

14. Cowley, D., Donato, C. M., Roczo-Farkas, S. and Kirkwood, C. D. (2013). Novel 

G10P[14] Rotavirus Strain, Northern Territory, Australia. Emerg. Infect. Dis. 

19, 1324-1327. 

15. Dhama, K., Chauhan, R. S., Mahendran, M. and Malik, S. V. (2009). Rotavirus 

diarrhea in bovines and other domestic animals. Vet. Res. Commun. 33, 1-33. 

16. Doan, Y.H., Nakagomi, T., Aboudy, Y., Silberstein, I., Behar-Novat, E., 

Nakagomi, O. and Shulman, L.M. (2013). Identification by full-genome 

analysis of a bovine rotavirus transmitted directly to and causing diarrhea in 

a human child. J. Clin. Microbiol. 51, 182-189. 

17. Estes, M. K. and Kapikian, A. Z. (2007). Rotaviruses and their replication. In: 

Fields, B. N., Knipe, D. M., Howley, P. M., Griffin, D. E., Lamb, R. A., Martin, 

M. A., Roizman, B. and Straus, S. E., [eds] Fields Virology, 5th ed., pp. 

1917-1974. Lippincott, Williams and Wilkins, Philadelphia.  

18. Fukai, K., Saito, T., Inoue, K. and Sato, M. (2004). Molecular characterization 

of novel P[14], G8 bovine group A rotavirus, Sun9, isolated in Japan. Virus Res. 

105, 101-106. 

19. Fukai, K., Sakai, T. and Kamata, H. (1998). Distribution of G serotypes and P 

genotypes of bovine group A rotavirus isolated in Japan. Aust. Vet. J. 76, 

418-422. 

20. Fukai, K., Takahashi, T., Tajima, K., Koike, S., Iwane, K. and Inoue, K. (2007). 

Molecular characterization of a novel bovine group A rotavirus. Vet. Microbiol. 

123, 217-224. 

21. Fukuda, M., Kuga, K., Miyazaki, A., Suzuki, T., Tasei, K., Aita, T. and Mase, M. 



65 
 

(2012). Development and application of one-step multiplex reverse 

transcription PCR for simultaneous detection of five diarrheal viruses in adult 

cattle. Arch. Virol. 157, 1063-1069. 

22. Furuuchi, S., Shimizu, M., and Shimizu, Y. (1978). Field trials on 

transmissible gastroenteritis live virus vaccine in newborn piglets. Natl. Inst. 

Anim. Health. Q. 18, 135-142.  

23. Garaicoechea, L., Bok, K., Jones, L. R., Combessies, G., Odeón, A., Fernandez, 

F. and Parreño, V. (2006). Molecular characterization of bovine rotavirus 

circulating in beef and dairy herds in Argentina during a 10-year period 

(1994-2003). Vet. Microbiol. 118, 1-11. 

24. Gerna, G., Sears, J., Hoshino, Y., Steele, A. D., Nakagomi, O., Sarasini, A. and 

Flores, J. (1994). Identification of a new VP4 serotype of human rotaviruses. 

Virology. 200, 66-71. 

25. Ghosh, S., Samajdar, S., Sinha, M., Kobayashi, N., Taniguchi, K. and Naik, T. 

N. (2008). Molecular characterization of rare bovine group A rotavirus 

G15P[11] and G15P[21] strains from eastern India: identification of simian 

SA11-like VP6 genes in G15P[21] strains. Virus Genes. 37, 241-249. 

26. Ghosh, S., Varghese, V., Samajdar, S., Sinha, M., Naik, T. N. and Kobayashi, N. 

(2007). Evidence for bovine origin of VP4 and VP7 genes of human group A 

rotavirus G6P[14] and G10P[14] strains. J. Clin. Microbiol. 452, 2751-2753. 

27. Giulietti, A., Overbergh, L., Valckx, D., Decallonne, B., Bouillon, R. and 

Mathieu, C. (2001). An over view of real-time quantitative PCR: applications 

to quantify cytokine gene expression. Methods. 25, 386-401. 

28. Gouvea, Y., Glass, R. I., Woods, P., Taniguchi, K., Clark, H. F., Forrester, B. 



66 
 

and Fang, Z. (1990). Polymerase chain reaction amplification and typing of 

rotavirus nucleic acid from stool specimens. J. Clin. Microbiol. 28, 276-282. 

29. Griffin, D. D., Fletcher, M., Levy, M. E., Ching-Lee, M., Nogami, R., Edwards, 

L., Peters, H., Montague, L., Gentsch, J. R. and Glass, R. I. (2002). Outbreaks 

of adult gastroenteritis traced to a single genotype of rotavirus. J. Infect. Dis. 

185, 1502-1505. 

30. Harada, K., Furuuchi, S., Kumagai, T. and Sasahara, J. (1969). Pathogenicity, 

immunogenicity and distribution of transmissible gastroenteritis virus in pigs. 

Natl. Inst. Anim. Health. Q. 9, 185-192. 

31. Hayashi, M., Nagai, M., Hayakawa, Y., Takeuchi, K. and Tsunemitsu, H. 

(2001). Outbreak of diarrhoea and milk drop in cows infected with bovine 

group B rotavirus. Vet. Rec. 149, 331-332. 

32. Ishizaki, H., Sakai, T., Shirahata, T., Taniguchi, K., Urasawa, T., Urasawa, S. 

and Goto, H. (1996). The distribution of G and P types within isolates of 

bovine rotavirus in Japan. Vet. Microbiol. 48, 367-372. 

33. Johnson, M. W., Fitzgerard, G. R., Welter, M. W. and Welter, C. J. (1992). The 

six most common pathogens resposible for diarrhea in newborn pigs. Vet. Med. 

4, 382-386. 

34. Jung, K., Hu, H., Eyerly, B., Lu, Z., Chepngeno, J. and Saif, L. J. (2015). 

Pathogenicity of 2 porcine deltacoronavirus strains in gnotobiotic pigs. Emerg. 

Infect. Dis. 21, 650-654. 

35. Katsuda, K., Kohmoto, M., Kawashima, K. and Tsunemitsu, H. (2006). 

Frequency of enteropathogen detection in suckling and weaned pigs with 

diarrhea in Japan. J. Vet. Diagn. Invest. 18, 350-354. 



67 
 

36. Keyaerts, E., Vijgen, L., Maes, P., Duson, G., Neyts, J. and Van Ranst, M. 

(2006). Viral load quantitation of SARS-coronavirus RNA using a one-step 

real-time RT-PCR. Int. J. Infect. Dis. 10, 32-37. 

37. Kim, S. H., Kim, I. J., Pyo, H. M., Tark, D. S., Song, J. Y. and Hyun, B. H. 

(2007). Multiplex real-time RT-PCR for the simultaneous detection and 

quantification of transmissible gastroenteritis virus and porcine epidemic 

diarrhea virus. J. Virol. Methods. 146, 172-177. 

38. Kim, S. Y., Song, D. S. and Park, B. K. (2001). Differential detection of 

transmissible gastroenteritis virus and porcine epidemic diarrhea virus by 

duplex RT-PCR. J. Vet. Diagn. Invest. 13, 516-520. 

39. Kocherhans, R., Bridgen, A., Ackermann, M. and Tobler, K. (2001). Completion 

of the porcine epidemic diarrhoea coronavirus (PEDV) genome sequence. 

Virus Genes. 23, 137-144. 

40. Kuga, K., Miyazaki, A., Suzuki, T., Takagi, M., Hattori, N., Katsuda, K., Mase, 

M., Sugiyama, M. and Tsunemitsu, H. (2009). Genetic diversity and classi- 

fication of the outer capsid glycoprotein VP7 of porcine group B rotaviruses. 

Arch. Virol. 154, 1785-1795. 

41. Lee, S. and Lee, C. (2014). Complete genome characterization of Korean 

porcine deltacoronavirus Strain KOR/KNU14-04/2014. Genome Announc. 2, 6. 

42. Maes, P., Matthijnssens, J., Rahman, M. and Van Ranst, M. (2009). RotaC: a 

web-based tool for the complete gemone classification of group A rotaviruses. 

MBC. Microbiol. 9, 238. 

43. Marston, D. A., McElhinney, L. M., Ellis, R. J., Horton, D. L., Wise, E. L., 

Leech, S. L., David, D., de Lamballerie, X. and Fooks, A. R. (2013). Next 



68 
 

generation sequencing of viral RNA genomes. BMC. Genomics. 14, 444.  

44. Marthaler, D., Raymond, L., Jiang, Y., Collins, J., Rossow, K. and Rovira, A. 

(2014). Rapid detection, complete genome sequencing, and phylogenetic 

analysis of porcine deltacoronavirus. Emerg. Infect. Dis. 20, 1347-1350.  

45. Marthaler, D., Jiang, Y., Otterson, T., Goyal, S., Rossow, K. and Collins, J. 

(2013). Complete genome sequence of porcine epidemic diarrheavirus strain 

USA/Colorado/2013 from the United States. Genome Announc. 1, e00555-13. 

46. Matthijnssens, J., Ciarlet, M., McDonald, S. M., Attoui, H., Banyai, K., Brister, 

J. R., Buesa, J., Esona, M. D., Estes, M. K., Gentsch, J. R., Iturriza-Gomara, 

M., Johne, R., Rahman, M., Ruggeri, F. M., Saif, L. J., Santos, N., Steyer, A., 

Taniguchi, K., Patton, J. T., Desselberger, U. and Van Ranst, M. (2011). 

Uniformity of rotavirus strain nomenclature proposed by the Rotavirus 

Classification Working Group (RCWG). Arch. Virol. 156, 1397-1413. 

47. Matthijnssens, J., Potgieter, C. A., Ciarlet, M., Parreño, V., Martella, V., 

Bányai, K., Garaicoechea, L., Palombo, E. A., Novo, L., Zeller, M., Arista, S., 

Gerna, G., Rahman, M. and Van Ranst, M. (2009). Are human P[14] rotavirus 

strains the result of interspecies transmissions from sheep or other ungulates 

that belong to the mammalian order Artiodactyla? J. Virol. 83, 2917-2929. 

48. Matthijnssens, J., Rahman, M., Martella, V., Xuelei, Y., De Vos, S., De Leener, 

K., Ciarlet, M., Buonavoglia, C. and Van Ranst, M. (2006). Full genomic 

analysis of human rotavirus strain B4106 and lapine rotavirus strain 30/96 

provides evidence for interspecies transmission. J. Virol. 80, 3801-3810. 

49. Matthijnssens, J., Taraporewala, Z. F., Yang, H., Rao, S., Yuan, L., Cao, D., 

Hoshino, Y., Mertens, P. P., Carner, G. R., McNeal, M., Sestak, K., Van Ranst, 



69 
 

M. and Patton, J. T. (2010). Simian rotaviruses possess divergent gene 

constellations that originated from interspecies transmission and 

reassortment. J. Virol. 84, 2013-2026. 

50. Mawatari, T., Taneichi, A., Kawagoe, T., Hosokawa, M., Togashi, K. and 

Tsunemitsu, H. (2004). Detection of a bovine group C rotavirus from adult 

cows with diarrhea and reduced milk production. J. Vet. Med. Sci. 66, 887-890. 

51. Midgley, S. E., Hjulsager, C. K., Larsen, L. E., Falkenhorst, G. and Böttiger, B. 

(2012). Suspected zoonotic transmission of rotavirus group A in Danish adults. 

Epidemiol. Infect. 140, 1013-1017. 

52. Miyazaki, A., Fukuda, M., Kuga, K., Takagi, M. and Tsunemitsu, H. (2010). 

Prevalence of antibodies against transmissible gastroenteritis virus and 

porcine respiratory coronavirus among pigs in six regions in Japan. J. Vet. 

Med. Sci. 72, 943-946. 

53. Mlera, L., O'Neill, H. G., Jere, K. C. and van Dijk, A. A. (2013). Whole-genome 

consensus sequence analysis of a South African rotavirus SA11 sample reveals 

a mixed infection with two close derivatives of the SA11-H96 strain. Arch. 

Virol. 158, 1021-1030. 

54. Moës, E., Vijgen, L., Keyaerts, E., Zlateva, K., Li, S., Maes, P., Pyrc, K., 

Berkhout,B., van der Hoek, L. and Van Ranst, M. (2005). A novel 

pancoronavirus RT-PCR assay: frequent detection of human coronavirus 

NL63 in children hospitalized with respiratory tract infections in Belgium. 

BMC. Infect. Dis. 5, 6  

55. Mphahlele, M. J., Peenze, I. and Steele, A. D. (1999). Rotavirus strains 

bearing the VP4P[14] genotype recovered from South African children with 



70 
 

diarrhoea. Arch. Virol. 144, 1027-1034. 

56. Oka, T., Saif, L. J., Marthaler, D., Esseili, M. A., Meulia, T., Lin, C.,Vlasova, A. 

N., Jung, K., Zhang, Y. and Wang, Q. (2014). Cell culture isolation and 

sequence analysis of genetically diverse US porcine epidemic diarrhea virus 

strains including a novel strain with a large deletion in the spike gene. Vet.  

Microbiol. 173, 258-269. 

57. Onuma, N., Kudo, K., Ogawa, S., Sakurada, M., Sunahara, E., Mawatari, T. 

and Tsunemitsu, H. (2003). The role of the group A rotavirus in adult-cow 

diarrhea. J. Jpn. Vet. Assoc. 56, 245-248. 

58. Papp, H., László, B., Jakab, F., Ganesh, B., De Grazia, S., Matthijnssens, J., 

Ciarlet, M., Martella, V. and Bányai, K. (2013). Review of group A rotavirus 

strains reported in swine and cattle. Vet. Microbiol. 165, 190-199. 

59. Parreño, V., Bok, K., Fernandez, F. and Gomez, J. (2004). Molecular 

characterization of the first isolation of rotavirus in guanacos (Lama guanicoe). 

Arch. Virol. 149, 2465-2471. 

60. Pensaert, M. B. (1999). Porcine epidemic diarrhea. In: D’Allaire, B. E., 

Mengeling, S. and Taylor, L. W, [eds] Diseases of Swine, 8th ed., pp. 179-185, 

Iowa State University Press, Ames. 

61. Pensaert, M. B. and de Bouck, P. (1978). A new coronavirus-like particle 

associated with diarrhea in swine. Arch. Virol. 58, 243-247. 

62. Rao, C. D., Gowda, K. and Reddy, B. S. (2000). Sequence analysis of VP4 and 

VP7 genes of nontypeable strains identifies a new pair of outer capsid proteins 

representing novel P and G genotypes in bovine rotaviruses. Virology. 276, 

104-113. 



71 
 

63. Saif, L. J. and Fernandez, F. M. (1996). Group A rotavirus veterinary vaccines. 

J. Infect. Dis. 174 (Suppl 1), S98-S106. 

64. Saif, L. J. and Wesley, R. D. (1999). Transmissible gastroenteritis and porcine 

respiratory coronavirus. In: D’Allaire, B. E., Mengeling, S. and Taylor, L. W, 

[eds] Diseases of Swine, 8th ed., pp. 295-325. Iowa State University Press, 

Ames. 

65. Saif, L. J., Brock, K. V., Redman, D. R. and Kohler, E. M. (1991). Winter 

dysentery in dairy herds: electron microscopic and serological evidence for an 

association with coronavirus infection. Vet. Rec. 128, 447-449. 

66. Saif, L. J., Pensaert, M. B., Sestack, K., Yeo, S. G. and Jung, K. (2012). 

Coronaviruses. In: Zimmerman J. J., and Karriker L. A., [eds] Diseases of 

Swine. 10th edn., pp. 501-524. Wiley-Blackwell, Ames. 

67. Sato, M., Nakagomi, T., Tajima, K., Ezura, K., Akashi, H. and Nakagomi, O. 

(1997). Isolation of serotype G8, P[1] bovine rotavirus from adult cattle with 

diarrhea. J. Clin. Microbiol. 35, 1266-1268. 

68. Schuster, S. C. (2008). Next-generation sequencing transforms today's biology. 

Nat. Methods. 5, 16-18. 

69. Song, D. and Park, B. (2012). Porcine epidemic diarrhoea virus: a 

comprehensive review of molecular epidemiology, diagnosis and vaccine. Virus 

Genes. 44, 167-175. 

70. Subhadra. S., Kumar, S., Suryanarayana, V. V. and Sreenivasulu. D. (2014). 

Comparison of bluetongue virus detection and quantitation methods in south 

India. J. Infect. Dev. Ctries. 8, 1307-1312. 

71. Suzuki, T., Murakami, S., Takahashi, O., Kodera, A., Masuda, T., Itoh, S., 



72 
 

Miyazaki, A., Ohashi, S. and Tsutsui, T. (2015). Molecular characterization of 

pig epidemic diarrhoea viruses isolated in Japan from 2013 to 2014. Infect. 

Genet. Evol. 36, 363-368. 

72. S´anchez, C. M., Jim´enez, G., Laviada, M. D., Correa, I., Sun´e, C., Bullido, 

M.,Gebauer, F., Smerdou, C., Callebaut, P., Escribano, J. and Enjuanes, L. 

(1990). Antigenic homology among coronaviruses related to transmissible 

gastroenteritisvirus. Virology. 174, 410–417. 

73. Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. and Kumar, S. 

(2011). MEGA5: molecular evolutionary genetics analysis using maximum 

likelihood, evolutionary distance, and maximum parsimony methods. Mol. 

Biol. Evol. 28, 2719–2731. 

74. Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S. (2013). 

MEGA6: molecular evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 

30, 2725-2729. 

75. Tang, J., Khan, S., Delmiglio, C. and Ward, L. I. (2014). Sensitive detection of 

Tomato ringspot virus by real-time TaqMan RT-PCR targeting the highly 

conserved 3'-UTR region. J. Virol. Methods. 201, 38-43. 

76. 2002  -

- 52 141-146 

77. Timsit, E., Maingourd, C., Le Dréan, E., Belloc, C., Seegers, H., Douart, A. and 

Assié, S. (2010). Evaluation of a commercial real-time reverse transcription 

polymerase chain reaction kit for the diagnosis of Bovine respiratory syncytial 

virus infection. J. Vet. Diagn. Invest. 22, 238-241.  

78. Tsuda, T. (1997). Porcine epidemic diarrhea : Its diagnosis and control. Proc. 



73 
 

Jpn. Pig. Vet. Soc. 31, 21-28. 

79. Tsunemitsu, H., Jiang, B. and Saif, L. J. (1996). Sequence comparison of the 

VP7 gene encoding the outer capsid glycoprotein among animal and human 

group C rotaviruses. Arch. Virol. 141, 705-713. 

80. Urasawa, T., Taniguchi, K., Kobayashi, N., Mise, K., Hasegawa, A., Yamazi, Y. 

and Urasawa, S. (1993). Nucleotide sequence of VP4 and VP7 genes of a 

unique human rotavirus strain Mc35 with subgroup I and serotype 10 

specificity. Virology. 195, 766-771. 

81. Varghese, V., Das, S., Singh, Ng. B., Kojima, K., Bhattacharya, S. K., Krishnan, 

T., Kobayashi, N. and Naik, T. N. (2004). Molecular characterization of a 

human rotavirus reveals porcine characteristics in most of the genes including 

VP6 and NSP4. Arch. Virol. 149, 155-172. 

82. Vilcek, S., Herring, A. J., Herring, J. A., Nettleton, P. F., Lowings, J. P. and 

Paton, D. J. (1994). Pestiviruses isolated from pigs, cattle and sheep can be 

allocated into at least three genogroups using polymerase chain reaction and 

restriction endonuclease analysis. Arch. Virol. 136, 309-323. 

83. Vlasova, A. N., Marthaler, D., Wang, Q., Culhane, M. R., Rossow, K. D., Rovira, 

A. R., Collins, J. and Saif, L. J. (2014). Distinct characteristics and complex 

evolution of PEDV strains, North America, May 2013-February 2014. Emerg. 

Infect. Dis. 20, 1620-1628. 

84. Wang, L., Byrum, B. and Zhang, Y. (2014). Detection and genetic 

characterization of deltacoronavirus in pigs, Ohio, USA, 2014. Emerg. Infect. 

Dis. 20, 1227-1230. 

85. Wang, L., Byrum, B. and Zhang, Y. (2014). New variant of porcine epidemic 



74 
 

diarrhea virus, United States, 2014. Emerg. Infect. Dis. 20, 917-919. 

86. Watanabe, M., Nakagomi, T., Koshimura, Y. and Nakagomi, O. (2001). Direct 

evidence for genome segment reassortment between concurrently-circulating 

human rotavirus strains. Arch. Virol. 146, 557-570. 

87. Woo, P. C., Lau, S. K., Lam, C. S., Lau, C. C., Tsang, A. K., Lau, J. H., Bai, R., 

Teng, J. L., Tsang, C. C., Wang, M., Zheng, B. J., Chan, K. H. and Yuen, K. Y. 

(2012). Discovery of seven novel mammalian and avian coronaviruses in the 

genus deltacoronavirus supports bat coronaviruses as the gene source of 

alphacoronavirus and betacoronavirus and avian coronaviruses as the gene 

source of gammacoronavirus and deltacoronavirus. J. Virol. 86, 3995-4008. 

88. Yu, H. Q., Cai, X. Q., Lin, Z. X., Li, X. L., Yue, Q. Y., Li, R. and Zhu, X. Q. 

(2015). Rapid and specific detection of porcine parvovirus using real-time PCR 

and High Resolution Melting (HRM) analysis. BMC. Vet. Res. 11, 46. 

89. Zhang, X., Hasoksuz, M., Spiro, D., Halpin, R., Wang, S., Stollar, S., Janies, D., 

Hadya, N., Tang, Y., Ghedin, E. and Saif, L. (2007). Complete genomic 

sequences, a key residue in the spike protein and deletions in nonstructural 

protein 3b of US strains of the virulent and attenuated coronaviruses, 

transmissible gastroenteritis virus and porcine respiratory coronavirus. 

Virology. 358, 424-435. 

90. Zhao, J., Shi, B. J., Huang, X. G., Peng, M. Y., Zhang, X. M., He, D. N., Pang, 

R., Zhou, B. and Chen, P. Y. (2013). A multiplex RT-PCR assay for rapid and 

differential diagnosis of four porcine diarrhea associated viruses in field 

samples from pig farms in East China from 2010 to 2012. J. Virol. Methods. 

194, 107-112 


